Factors predicting the outcome of predator invasions on native prey communities are critical to our understanding of invasion ecology. Here, we tested whether background level of risk affected the survival of prey to novel predators, both native and invasive, predicting that high-risk environments would better prepare prey for invasions. We used naïve woodfrog as our prey and exposed them to a high or low risk regime either as embryos (prenatal exposure) or as larvae (recent exposure). Tadpoles were then tested for their survival in the presence of 4 novel predators: two dytiscid beetles, crayfish and trout. Survival was affected by both risk level and predator type. High risk was beneficial to prey exposed to the dytiscids larvae (ambush predators), but detrimental to prey exposed to crayfish or trout (pursuit predators). No effect of ontogeny of risk was found. We further documented that high-risk tadpoles were overall more active than their low-risk counterparts, explaining the patterns found with survival. Our results provide insights into the relationship between risk and resilience to predator invasions.
W hen species are introduced in a novel environment, voluntary or accidentally, and become established 1, 2 , they can have a range of impacts. Some authors report little impact on native communities 3 , others even report a positive impact on the community 4, 5 but most often, authors report major negative impacts on native species 6, 7 . If ecologists are to predict and prevent 'negative' invasions, we need to first understand how invaders establish and how/why they are successful. Introduced species can reduce native biodiversity via three general ecological pathways: (1) they can out-compete native species, by using a broader range of resources 8 or being more tolerant of extreme environmental changes 9 ; (2) they may encounter weak or absent predation pressure from native predators, leading to a rapid increase in their density 10 ; and/or (3) they may extirpate native prey population that are unable to recognize or respond to these novel predators 7, 11 . A number of factors have been put forward to explain the characteristics of successful invaders 2 , but relatively little empirical work has been done to predict the characteristics of natives being invaded 12 . In this study, we focus on characteristics related to the native community, rather than that related to the invasive ones. We focus on understanding the mechanisms relating to point (3) above: can we understand the factors that may render some prey species more susceptible to decline as a results of predator invasions? Sih et al. 12 recently highlighted two mechanisms through which prey may not be able to survive encounters with invasive predators. The first, coined the 'prey naivety hypothesis', is a situation in which native prey lack an evolutionary history with the introduced predator, and hence display weak or inefficient antipredator responses. The second, coined the 'cue similarity hypothesis' posits that if prey do not use the proper type of cues to recognize the invaders as risky, or if the cues usually used are too dissimilar to that of invasive predators, they may succumb to their attack 13 . Native prey responding inappropriately to novel predators, and suffering increased predation pressure could eventually become locally extirpated 7, 14 . The ability of prey in general to survive predatory encounters might be the strongest selective force affecting the spatial and temporal distribution of animals 15 . A growing body of research has focused on understanding mechanisms through which prey respond to their predators. Some prey have evolved morphological adaptations, such as armour or defensive spines, to decrease their risk of being attacked [16] [17] [18] . Others have attempted to decrease the selective pressure by altering the timing of key life-history switch points, such as hatching 19 or metamorph-osis [20] [21] [22] so as to minimize overlap with predators. However, both those traits require time to evolve and become prevalent in a population. For instance, Freeman et al. 23 showed that invaded mussel populations could evolve inducible morphological defences (thickening of their shells) within 15 years of the introduction of an invasive crab. Behavioural adaptations, on the other hand, are by far the most plastic and rapid type of antipredator adaptations prey can display 13, 15, 24 . Prey can alter when and where to eat, decreasing predation risk in an instant. Avoidance, fleeing and freezing are all common antipredator behaviours widespread in the animal kingdom 15 , but often require the recognition of the predator by the prey. A few species have been shown to possess an innate recognition of some of their predators 25, 26 . However, those are relatively rare, and the selective pressure needed to fix such a trait likely requires a long evolutionary overlap between prey and predator, high predator specificity (low predator diversity) and a large payback in terms of survival 27 . In contrast, the vast majority of prey species rely on learning to recognize predators 28, 29 . Learning mechanisms are widespread and highly efficient, usually requiring a single encounter for the information to be learned 30, 31 . Despite all this, the question remains: how does a prey individual survive the very first encounter with a novel predator? A recent study by Brown et al. 32 have shed some light on this phenomenon. They showed that populations of aquatic prey (fishes and amphibians) could display antipredator responses towards novel cues (neophobia) if they were maintained in high-risk environments for an extended period of time, but not in low-risk environments. If individuals occur in an environment where predation threats are widespread and predation risk is high, then exposure to a novel stimulus may, more often than not, be related to a predator, and hence, should be feared. This framework would provide prey with a mechanism to increase their survival during a first-time encounter with a novel predator, allowing them to learn the threat and subsequently use learning mechanisms to identity and avoid the threat in future encounters 32 . Two studies have investigated the effect of specific predator exposures on the subsequent ability of prey to survive other predators. Hettyey et al. 33 raised agile frogs, Rana dalmatina, from eggs, in the presence of four predators and found that tadpole survival was not affected by an interaction between the species of predator tadpoles were raised with and the species of predator they were exposed to during the trials: all predator-exposed tadpoles survived roughly equally well, and noticeably better than control tadpoles. No difference in survival was found between predator types (sit-and-wait vs. pursuit predators). These results differ from those of Teplitsky et al. 34 who found that agile frog tadpoles, raised for 4 weeks with either a sitand-wait predator (dragonfly larvae) or a pursuit predator (stickleback) developed different morphology, which would explain why stickleback-exposed tadpoles were more likely to survive a stickleback encounter than a dragonfly-exposed tadpole. To our knowledge, background level of risk has never been proposed as a factor potentially affecting the outcome of a first encounter between naïve prey and novel predators, which could have crucial implications for biological invasions. If background level of risk could influence the 'readiness' of species to respond to novel predators, then it might be possible for the background level of risk to be a good predictor of invasion success. Native prey species living in highrisk environments should be less susceptible to predator invasions than those living in relatively lower risk environments. We tested this hypothesis by using woodfrog tadpoles (Lithobates sylvaticus) as our naive prey species. Amphibians are one of the taxa suffering some of the most severe global population declines partly due to invasions 35 , so we reasoned that woodfrogs could be used as an amphibian model. We used a series of novel predators acting as invaders -all of them known to be predators on amphibian larvae: (1) lesser diving beetle larvae (Acilius semisulcatus), (2) water tigers (Dytiscus alaskensis), (3) crayfish (Orconectes virilis) and (4) rainbow trout (Oncorhynchus mykiss). While all 4 predator species would be completely novel (ontogenetically) to the individual tadpoles, the lesser beetle larvae and the water tigers are native to the area where the tadpoles were collected -hence the tadpoles likely had recent evolutionary experience with them, while the trout and crayfish do not naturally occur in the vicinity of these populations. While they may have shared similar habitats during the last ice age 36 , they have been isolated since then. These last two species, although not having a status of invaders at our field site, are known for their exotic and/or invasive status in a number of aquatic ecosystems across North-America. Again, our prey are totally naïve to all predators, excluding any possibilities that experience with other predators would be causing them to better survive encounters with one predator compared to another. In a series of experiments, we maintained tadpoles in a low-or high-risk environment for at least 5 days (5-9 days), and then staged encounters between tadpoles and predators, as would happen during an invasion. We repeated this testing by using tadpoles which were maintained under low-risk environment, but had experienced either a low-or high-risk environment as embryos (in the egg). This allowed us to investigate any ontogenetic effect of risk exposure on the prey's ability to survive an encounter with novel predators. To provide some mechanistic explanation for our findings, we also quantified differences in activity between prey from both risk treatments.
Methods
Ethical statement. All work herein was in accordance with the Canadian Council on Animal Care guidelines, and was approved by the University Council on Animal Care (protocol 20060014) of the University of Saskatchewan.
Water and test species. The experiment took place in central Alberta, Canada, in May/June 2013. All the maintenance and testing took place outdoors. Two weeks prior to the start of the experiment, a 1900-L tub was placed outdoors and filled with well water and seeded with plankton and aquatic plants from a local pond, using a fine-mesh dip net. This ensured that our test water contained natural pond odours, but lacked any cues from local predators. Our previous work has shown that woodfrog tadpoles from our field site do not have an innate recognition of various predators 37, 38 . Woodfrogs were collected locally as described below. Lesser beetle larvae and water tigers were collected from a nearly pond using dip nets, a few days prior to being used. Crayfish were trapped from Blackstrap Lake, Saskatchewan, 3 weeks prior to being used. Forty juvenile rainbow trout were obtained from the Cold Lake Fish Hatchery, Alberta, 2 weeks before the start of the experiment. At our field site, trout and crayfish were housed separately in 100-gal black troughs filled with well water, while the lesser beetle larvae and water tigers were housed individually in 0.5 L cups, due to their high aggression and cannibalistic tendencies. The choice of predators was limited by our inability to import invasive species. However, trout are one of the most common exotic species found throughout North America, due to their economic value for recreational fishing and virile crayfish have been introduced in many parts of the United States, Mexico and Europe.
Manipulating background level of risk. Creating background levels of risk required us to increase the perceived predation risk of the animals without them associating it with a specific predator. Hence, we used injured conspecific cues as general, nonspecific indicator of risk. Injured conspecific cues are used by a wide variety of aquatic organisms, from coral to fish and amphibians, as a reliable indicator of risk 39 and are known to elicit changes in behaviour, morphology and life-history 28 . This is a wellestablished methodology to manipulate background level of risk in aquatic species 32, 40 . While we acknowledge that injured conspecific cues alone do not provide the full range of information available to prey when conspecifics get eaten by predators (i.e., diet cues), a number of predators can release those cues naturally during a successful (chewing, handling) or unsuccessful (failed capture, harm to appendages like tails) predation events, making them ecologically relevant.
Larval risk. Six clutches of woodfrog eggs, collected from a local pond the same day they were laid (May 3 rd ) were placed in a plastic pool filled with well water. The pool contained aquatic plants and was left floating on the pond to equalize temperature and sun exposure between the pond and the pool. Upon hatching, the tadpoles were fed alfalfa to supplement the algae already present in the pool. Tadpoles were 2 weeks old and Gosner stage 25 at the time the experiment began. Groups of 30 randomly selected tadpoles were placed in 20 tubs (40 3 30 3 30 cm), containing , 12 L of well water. The tadpoles were left of acclimate for 12 h, after which half were exposed twice a day (0900-2000 hr) to a high risk (injured tadpole cue) treatment while the other half was exposed at the same time to a low risk (water) treatment. The high risk treatment consisted of an injection of 20 mL of water containing 3 crushed tadpoles, while the low risk treatment consisted of injection 20 mL of well water. This background risk exposure phase ran for 7 days prior to the beginning of the first experiwww.nature.com/scientificreports SCIENTIFIC REPORTS | 5 : 8309 | DOI: 10.1038/srep08309ment (when the first tadpoles were removed), but ran continuously until the last experiment was finished (day 12, when the last tadpoles were removed). Note that tadpoles were used only once and were discarded (released) once their trial ended. Most of the experiments temporally overlapped, so the 5-day difference in risk could not affect the outcome of our experiments.
Embryonic risk. Six egg clutches were collected on May 9 th , all laid within 48 h of time of collection (4 of them were slightly older, 2 of them were freshly laid). Each clutch was split into 4 roughly equal subclutches and each subclutch was placed in a 3.7-L pail containing 2 L of aged well water. Twice a day until hatching, the eggs received either a low risk (water injection) or high risk (injured tadpole cue injection) treatment. The treatments were performed between 1100-1300 and 1700-1900, with a complete water change 1 h after injection. When the embryos were close to hatching (wriggling and straightening in the shell), the treatment was stopped. As a result, 4 clutches were treated for 3 days, while the last 2 were treated for 4.5 days. The high risk treatment consisted of an injection of 20 mL of water containing 3 crushed tadpoles. The solution was filtered prior to injection, and was introduced in the vicinity of the egg mass in the pail. The low risk injection consisted of 20 mL of well water, injected in the same manner as the high risk solution.
Despite the fact that the embryos in the older clutches hatched earlier than those in the younger ones, we did not find any difference in hatching time among risk treatments; high risk and low risk embryos from the same clutch hatched over the same period (a few hours). After hatching, the tadpoles were provided with alfalfa pellets and left to grow until tested (2-3 weeks). Water was partially changed (,30-50%) every 3 days.
The setup of survival experiments differed among predators, due to the difference in the size, and ecology of the species. However, we attempted to standardize the predation trials by keeping the predator size/sqrt(arena area) constant -regardless of species. We used the sqrt function to give predator additional space to move in both directions, not just one. We did not use volume, as tadpoles rarely use the water column, spending most of their time on the bottom. The area at the bottom thus represented the foraging arena for the predators. We achieved ratios that were quite comparable (lesser beetles: 2.2/sqrt(325) 5 8.2; water tigers: 3.9/sqrt(1100) 5 8.5; crayfish: 6/sqrt(2600) 5 8.5, trout: 9/sqrt(6000) 5 8.4). Each cm of predator was attributed an area equivalent to a square of ,8.4 3 8.4 cm. While the absolute value of this ratio does not matter biologically, the point is that the increase in area among predator types was proportional to the increase of the size of the predators. The shape of the arena differed among predators, because we could not find containers of the right area that would all share the same shape. However, we do not believe that the shape per se, would change the outcome of a predation trials, as long as corners (in our rectangular containers) were not used as shelters. We did not see prey or predators having an advantage in the corners -and this advantage/disadvantage, if it existed, would be present in both experimental groups.
Experiment 1: Survival trials. The effect of embryonic risk on survival with predatory trout. This experiment took place in 370-l black oval water troughs (bottom: ,60 3 100 cm hereafter pool), filled half-way with well water, and containing leaf litter that served as tadpole food and shelter. The pools were placed in a forested area to avoid the water from heating up too much during the afternoon. To avoid possible confounds due to light or cover amount, pools were physically paired, each pair sharing similar small scale environmental conditions.
Five tadpoles (mean size 6 SD: 13 1/2 1 mm), were released in each of the 24 pools, with half of the pools containing tadpoles from the high risk background group, the other half containing tadpoles from the low risk background group. To avoid a possible spatial confound, each pair of pools received tadpoles from the high and low groups, but the allocation of treatments within the pair was random. After a 2-h acclimation period, we introduced one trout in each pool. No difference in tadpole size (t-test: P50.69) nor trout size (mean length 6 SD 5 9.2 6 1.2 cm, P50.7) was found between the 2 risk groups. Tadpoles and trout were left to interact for 36 h. After a few hours, one trout jumped from its pool and was removed from the experiment, hence leaving us with a sample size of 11 in the low risk group and 12 in the high risk group. The number of surviving tadpoles in each pool was analyzed using a Generalized Linear Model, using a Poisson probability distribution for count data, a Log link function and a Wald Chi-square to test the different parameters in the model. Risk was introduced as a fixed factor, and tadpole clutch as a random factor.
The effect of larval risk on survival with predatory trout. This experiment was run after Experiment 1. While we initially planned to follow the same protocol as described above, some unforeseen circumstances caused us to lose the trout used above. We thus used the 16 remaining trout (length 6 SD: 9.3 6 1.1 cm) in a paired design, where each trout were exposed to both high risk and low risk tadpoles, the order of treatment randomized over two consecutive trials, but ensuring that the same number of trout were exposed to high and low risk tadpoles each day (i.e., 8 high and 8 low). In this design, each trout served as its own control. The 2 sets of trials were separated by a 24 h period. The trials were similar to those described above. The size of the tadpoles did not differ between the 2 risk groups (t-test: P50.78). We compared the numbers of surviving tadpoles using a 2-tailed Wilcoxon signed rank test for paired, nonparametric data.
The effect of larval risk on survival with predatory crayfish. The crayfish experiments took place in containers (67 3 40 3 16.5 cm) filled with 16 l of well water and a leaf litter substrate. We ran 12 paired replicates in each of the 2 risk groups (high risk vs low risk). We used 12 crayfish (rostrum to telson: 6.9 6 0.7 cm), each exposed to tadpoles from the high and low risk groups for 48 hours. Just like the previous trout experiment, 6 crayfish first were allocated to the high risk group and then the low risk group, while the 6 others received the treatment in the opposite order. The numbers of surviving tadpoles in both groups were compared using 2-tailed Wilcoxon signed rank test.
The effect of embryonic risk on survival with predatory crayfish. We ran 9 paired replicates for the embryonic risk survival, using the same protocol as described above. Again, the numbers of surviving tadpoles in both groups were compared using 2-tailed Wilcoxon signed rank test.
The effect of larval risk on survival with predatory water tigers. This predation setup differs from that of other predators, because water tigers were very efficient at capturing tadpoles, so we elected to run shorter-term predator encounters. Groups of 3 tadpoles were added to a container (38 3 29 3 15 cm) containing 8 L of water and slough grass, which served as a natural perch for the predator. The tadpoles were left to acclimate for 20 min. A water tiger was introduced and the time to capture the first tadpole (latency to capture) was recorded with a stopwatch. The predator was then immediately removed from the arena and the surviving tadpoles released. If no capture was made after 10 min, the trial was stopped, the tadpoles released and the predator attributed a score of 600 sec. We used 19 predators, and ran a total of 49 replicates in each of the 2 risk groups. The size of the predators (from head to tail) was 35.76 7.6 mm. The average size of tadpoles used was 16.2 6 0.9. There were no difference in the size of the tadpoles used in the two groups (P50.69). The time to capture (sec) were analyzed using a generalized randomized block design ANOVA, in which risk was introduced as a fixed factor and predator as a random factor.
The effect of embryonic risk on survival with predatory lesser beetle larvae. While we originally wanted to use water tigers for both experiments, the number of individuals that molted increased, leaving us with a sample size too small for this experiment (molting individuals do not feed for a few days prior to and following the molt). We used lesser beetle larvae, which are smaller, but share the hunting behaviour of water tigers. Individual tadpoles from each of the 2 risk groups were setup in a 3.7 L circular pails (20 cm diameter), containing 1 L of water (depth: 10 cm) and floating slough grass for predator anchorage. After a 30 min acclimation period, a lesser beetle larva was introduced to the container and left to interact with the tadpole. The size of predators did not differ between risk groups (22.5 6 1.7 mm, p50.77), neither did tadpole size (15.6 6 0.5 mm, P.0.9). After 24 h, we recorded whether the tadpole were missing (eaten) or alive (binary response variable). We had a total of 15 replicates in the high risk group, and 16 in the low risk group. The data were analyzed using a 2-tailed Chi-square test. Because two of the cells had an expected frequency less than 5, we used a 2-tailed Fisher's Exact Test.
Experiment 2: Assessment of activity in high-vs. low risk tadpoles. While some ecologists have measured activity of tadpoles during predation trials, the size and visibility of the tadpoles in our mesocosm prevented us from collecting reliable data. Hence, we used a well-documented bioassay 41 , to test tadpoles that received the highand low-risk treatments as larvae. Forty untested, randomly chosen tadpoles from each of the 2 treatments were setup individually in 0.5-L containers and left to acclimate for 1 h. The data collection consisted of 3 blocks of observation (14:00, 15:30, and 17:00 h), each block containing 10 scans. At the beginning of each block, an observer (blind to the treatments) scanned the tadpoles for 2 min and recorded which ones were active or motionless. A new scanning starting 2 min after the end of the previous one, for a total of 10 scanning events for each of the 3 observation blocks. For each tadpole, the proportion of time spent moving was computed from the number of scans where the tadpoles was found moving divided by 30 (the total number of observations). The difference between high-and low-risk groups was tested using a 2-tailed independent t-test (N540/group).
Results
Embryonic risk and survival with trout. Neither clutch (Wald x 1 2 5 1.6, P50.2) nor clutch x risk (Wald x 1 2 50.03, P5 0.8) had an effect, so ''clutch'' was dropped from the analysis. Risk was found to significantly affect the number of surviving tadpoles (Wald x 1 2 5 5.5, P50.019), with tadpoles from the low risk group surviving better than those in the high risk group. Only 9/60 (15%) of tadpoles survived in the high risk groups, while 21/55 (38%) tadpoles survived in the low-risk group ( Figure 1A) .
Larval risk and survival with trout. The results indicated that tadpoles from the low risk group survived better than those in the high risk group (Z5-2.1, P50.034). We found that 18/80 (22%) tadpoles survived in the high risk group, while 33/80 (41%) survived in the low risk group (Figure 1B) .
Larval risk and survival with crayfish. We found that tadpoles from the low risk survived better than those in the high risk (Z5-2.4, P50.015). In the low risk group, 56/60 (93%) tadpoles survived, while 46/60 (77%) survived in the high risk group ( Figure 1D ).
Embryonic risk and survival with crayfish. Our one-sample t-test revealed that tadpoles from the low risk group survived better than those from the high risk group (Z5-2-2, P50.027). This time, 28/45 (62%) tadpoles survived in the high risk group, while 39/45 (87%) survived in the low risk group ( Figure 1C) .
Laval risk and survival with beetles. Our ANOVA revealed no effect of predators (F 18,78 5 1.3, P50.21) but a significant effect of risk (F 1,78 5 5.8, P50.018). Predators spent on average 391 sec to capture tadpoles in the low risk group, but 590 sec (51% increase) to capture the ones in the high risk group ( Figure 1E ).
Embryonic risk and survival with beetles. The analysis revealed that tadpoles in the high risk group survived better than those in the low risk group (p50.011). In total, 3/16 (19%) tadpoles survived in the low risk group, while 10/15 (67%) survived in the high risk group (Figure 1F) .
Activity. The analysis revealed that high-risk tadpoles were significantly more active (12% higher) than low-risk tadpoles (t'-test: t' 65.2 5 3.8, P,0.001, figure 2 ).
Discussion
Our results indicate that background level of risk had a significant effect on the ability of tadpoles to survive first-time encounter with novel predators, as would be the case in the context of a predator invasion. However, the direction of the effect was not consistent across predators and seems dependent on the type of predator that was introduced. High-risk environments were beneficial to tadpoles when the introduced predator was a lesser beetle larva or a water tiger. However, the high-risk background seemed detrimental to survival when predators were crayfish or juvenile rainbow trout.
Predator type. Our woodfrog differed in their evolutionary history with the different predators. The aquatic beetles shared some evolutionary history with tadpoles from our field site, which in turn, explains why they may display antipredator behaviours that are more in tune with the mode of attack of those predators. While some species of amphibians may be able to fine-tune morphological adaptations to different types of predators 34, 42 , it is unlikely that morphology would explain our results given the short duration of our experimental exposure (7 days) . Almost all studies on morphological defences exposed their test subjects for several weeks in order to observe a measurable, biologically relevant effect. Only one study has shown small changes in morphology as early as 4 days post-treatment, but this change was only observed in tadpoles showing a reversal of investment 43 , and the ecological relevance of this observed effect size has not been yet demonstrated. In addition, exposure to injured tadpole cues alone did not seem to elicit a specific morphological adaptation, compared to control cues in other ranid species 44 , hence emphasizing that our results are mediated principally by behavioural traits, rather than morphological ones.
While crayfish and trout could be considered evolutionarily novel, one difference confounds the 'evolutionary history' explanation. Trout are very obvious pursuit predators, actively detecting moving tadpoles and hunting them. Crayfish move at a slower pace, but their movements also track moving tadpoles. The aquatic beetles, on the other hand, are considered ambush predators. While they will launch into short-distance pursuit bursts, they more frequently find a perching site and wait for an 'unaware' prey to swim at grabbing distance. Could hunting strategy explain the observed survival patterns? We unfortunately did not find any native pursuit predators occurring with tadpoles at our field site to formally test this possibility. However, our activity and habitat preference data may shed some light onto our results. Activity data indicate that tadpoles from a high-risk environment are overall more active than tadpoles from a low-risk environment. These results are in line with those predicted by the risk allocation hypothesis 40, 45 , where prey exposed to intense bouts of risk may have little choice but to dramatically increase foraging and/or mating efforts during expected bouts of safety, in order to compensate for lost opportunities. Alternatively, a number of studies have showed that high-risk conditions in one life-history stage would often result in amphibians trying to shorten the duration of this stage and move on to the next stage faster (ontogenetic predation escape) [46] [47] [48] [49] . Increasing local predation risk may force tadpoles to increase their foraging effort to increase growth rate and reach metamorphosis earlier. Either way, a differential swimming pattern due to local risk level likely renders the high-risk tadpoles more conspicuous to pursuit predators, all the while making them too fast for ambush predators. While observations were nearly impossible for the long-term predation trials, observations of tadpoles exposed to water tigers are consistent with these explanations. Tadpoles swimming faster past the water tigers often escaped unharmed, as the predator did not have time to launch an attack (pers. obs.). If an attack did occur, the first one was almost always unsuccessful, and tadpoles then undertook a freezing behaviour, which, in itself, decreased their encounter rate with ambush predators. Could this behavioural pattern represent an adaptation to high-risk situations?
Ontogeny of risk exposure. An interesting outcome of this series of experiments is that the ontogeny of risk exposure does not seem to affect the direction of the results. With the present design, we cannot directly test whether or not the timing of risk exposure would affect survival in a quantitative manner, but we can certainly conclude that it does not affect the outcome in a qualitative manner. This point is very interesting in itself. On one hand, we have tadpoles that have been experiencing a high risk or low risk environment in their recent past. On the other hand, we have tadpoles having experienced the same risk regime (concentration, frequency and type), however for a few days as embryos. How could those two treatments lead to the same survival outcome? We know that recent history of risk affects the decisions of an individual to hide, forage or mate, as outlined in the Risk Allocation Hypothesis 40, 45 . However, those are adaptations to short-term patterns of risk. It is however possible that risk experienced as embryo led to dramatic alterations in life histories. We know of many long-term effects of prenatal stressors, and while the word 'stressor' is often viewed as negative, some stressors may help individuals get ready for and become more adapted to future environmental conditions, as outlined in the Adaptive Calibration Model (ACM) for instance 50 . In this model, it is hypothesized that the stress response system selectively encodes, filters or amplifies information about the environment, to affect the individual's developmental trajectories leading to physiological or behavioral responses that are the most adapted to the environmental conditions. If early environmental conditions result in high sensitivity to risk, for instance, high sensitivity animals may display a much stronger response to risk cues compared to those low-sensitivity individuals. This may explain why tadpoles exposed to cues from predatory salamander as embryos, maintain an antipredator avoidance to salamander cues at least 5-6 weeks later 51, 52 , while tadpoles exposed to the same cues as young tadpoles, will only maintain a response to salamander cues for 2-3 weeks 53 . In addition, our results follow the predictions of the ACM that, under high stress (i.e., high risk) conditions, animals should exhibit a 'fast life style' 50, 54 -this reinforces the above-mentioned suggestion that tadpoles are increasing activity to grow faster and metamorphose earlier.
Species invasions. Our results suggest that background level of risk does in fact alter the survival of native prey when exposed to novel predators which could be invaders, but not in a consistent manner. Background level of risk -a priori -should have a positive effect on native prey survival. Numerous examples of predator-free populations getting readily reduced by invasive species can attest to that effect 55 . In addition, relaxed selection pressure has been identified as a factor facilitating species invasion 56 . Hence, more predation pressure should be better. While much is still unknown, one thing is certain: prey having to cope with evolutionarily novel predators will have to display rapid changes to their phenotypes. A recent meta-analysis of more than 3000 rates of phenotypic change found that rapid environmental change often induced rapid, abrupt phenotypic change, suggesting that most of that change involves phenotypic plasticity rather than immediate genetic evolution 57 . In other words, prey that rely on the tools they already have may fare better than those requiring selection. If prey do not have adequate defences, induced antipredator defences may appear in populations within a relatively short timeframe, at least in some species 10, 23 . The future of native prey populations seems dependent on outcome of the race between the invasive predator' rate of consumption, the native population growth rate and the speed at which the native population can display induced antipredator defences. To conclude, our results are the first to show that manipulations of background level of risk, using generic (non-predator specific) risk cues, can alter the survival of native prey exposed to live, novel predators. More work needs to be done to validate our results in other taxa, and to test the 'predator hunting strategy' hypothesis. It would be particularly fascinating to test whether alarm calls of birds and mammals function to increase background risk in the same way as chemical alarm cues do in aquatic systems. Increases in background levels of risk allow prey to display antipredator responses or alter their life-history strategy to increase survival in high-risk environments. These findings bring us one step forward in our understanding of predator-prey dynamics and their consequences for invasions.
